Key indicators: single-crystal X-ray study; T = 296 K; mean (C-C) = 0.002 Å; R factor = 0.030; wR factor = 0.083; data-to-parameter ratio = 19.9.
The title compound, {[Co(C 10 H 8 N 2 ) 2 (H 2 O) 2 ](NO 3 ) 2 Á4H 2 O} n , (C 10 H 8 N 2 = 4,4 0 -bipyridine = 4,4 0 -bpy) is a layered coordination polymer built up from a cationic square grid extending in (101) enclosing uncoordinating nitrate ions and water molecules. The Co II ion has site symmetry 2 and one of the 4,4 0 -bpy ligands is generated by twofold symmetry [two N atoms and two C atoms lie on the rotation axis and the dihedral angle between the pyridine rings is 45. 66 (5) ]. The other 4,4 0 -bpy ligand is generated by a crystallographic inversion center. The Co II ion exhibits a slightly distorted octahedral coordination geometry defined by two O atoms of two coordinating water molecules and four N atoms from four bridging 4,4 0 -bpy ligands. The structure is consolidated by O-HÁ Á ÁO, C-HÁ Á ÁO and C-HÁ Á ÁN hydrogen bonds.
Related literature
For related structures with 4,4 0 -bpy ligands, see: Aoyagi et al. (2000) ; Felloni et al. (2002) ; Jin et al. (2006) ; Tong et al. (2000) .
Experimental
Crystal data [Co(C 10 Table 1 Selected bond lengths (Å ). Symmetry code: (i) x; y À 1; z.
Table 2
Hydrogen-bond geometry (Å , ). 
Data collection: APEX2 (Bruker, 2006 ); cell refinement: SAINT (Bruker, 2006) ; data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: ATOMS (Dowty, 1995) ; software used to prepare material for publication: WinGX (Farrugia, 2012 Aoyagi et al. (2000) , whereas the axially one (NO 3 ) 2 .2H 2 O} n , Tong et al. (2000) . The nitrate ion and lattice water molecules are situated between the coordination layers and form extensive hydrogen bonds among the aqua ligands, 4,4′-bpy, uncoordinated water molecules and nitrate ion, which extend the two-dimensional coordination layers into a three-dimensional molecular network (Fig. 3 ).
Experimental
A mixture of Co(NO 3 )2. 6H 2 O (0.291 g, 1 mmole), trans-cinnamic acid (0.148 g, 1 mmole), NaOH (0.04 g, 1 mmole) and 4,4′-bpy (0.156 g, 1 mmole) were dissolved with 10 ml of mixed solution (MeOH/H 2 O: 2/1) in a 20 ml Teflon-lined stainless steel reactor and heated to 120°C for 24 h. The reactor was cooled to room temperature over a period of 24 h, the reaction was filtered. The orange filtrate was kept for several weeks at room temperature. Orange crystals suitable for X-ray analysis were obtained. Note: the measured crystal is a fragment cut from a larger crystal.
Refinement
Water hydrogen atoms were tentatively found in the difference density Fourier map and were refined with an isotropic displacement parameter 1.5 that of the adjacent oxygen atom. The O-H distances were restrained to be 0.9 Å within a standard deviation of 0.01 with U iso (H) = 1.5 U eq (O) and the H···H contacts were restraint to 1.40 Å with a standard deviation of 0.02. A l l other Hydrogen atoms were placed in calculated positions with C -H distances of 0.93-0.96 Å for aromatic H atoms with U iso (H) =1.2 U eq (C).
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Computing details
Data collection: APEX2 (Bruker, 2006 ); cell refinement: SAINT (Bruker, 2006) ; data reduction: SAINT (Bruker, 2006 ); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: ATOMS (Dowty, 1995) ; software used to prepare material for publication: WinGX (Farrugia, 2012).
Figure 1
View of a fragment of the title compound with displacement ellipsoids for non-H atoms are drawn at the 50% probability level. symmetry code: ) is used only for calculating -R-factor-obs etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 127.00 (7) C3-C4-C5-N1 −0.4 (2) N1
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
ii -Co1-N2-C6
35.27 (7) N2-C6-C7-C8 −0.39 (18) O1W-Co1-N2-C6 ii 127.00 (7) C6-C7-C8-C9 −179.82 (9) N1-Co1-N2-C6 ii 35.27 (7) C6-C7-C8-C7 Symmetry codes: (ii) −x+1, y, −z+3/2; (iv) x, y+1, z; (v) −x+3/2, y−1/2, −z+3/2; (vi) x, −y+2, z+1/2; (vii) x, −y+2, z−1/2; (viii) −x+3/2, y+1/2, −z+3/2.
